ABSTRACT. In order to assess the etiology of reading disability as a function of mathematics performance, data from 168 monozygotic (MZ) and 127 same-sex dizygotic (DZ) twin pairs in which at least one member of each pair was reading-disabled were subjected to quantitative genetic analyses. MZ and DZ concordance rates for reading disability were computed for different levels of mathematics performance, and reading performance data were fitted to an extension of the basic multiple regression model for the analysis of selected twin data. Results of these analyses suggest that genetic factors may be especially salient as a cause of reading disability in children with borderline deficits in mathematics performance: thus, mathematics performance may be a valid dimension for diagnosing subtypes of reading disability.
INTRODUCTION
Although the field of learning disabilities has grown to represent over one third of the children who receive special education, the condition remains one of the least understood disorders that affect school-age children:
The field has been, and continues to be, beset by pervasive and, at times, contentious disagreements about definitions, diagnostic criteria, assessment practices, teaching/intervention procedures and educational policy. Nevertheless, difficulties and failures in the past must not deter new efforts to develop conceptualizations that provide a critical description and characterization of learning disabilities. Indeed . . . the development of a reliable and valid definition and classification system for learning disabilities is the most pressing scientific goal currently facing the field. (Lyon 1993: XVII) Fletcher et al. (1993) have advocated that discrepancies in the development of various academic areas may be used to classify learning disabilities. For example, Fletcher (1985) and Rourke (1989) compared cognitive, behavioral, and electrophysiological measures in children with impairments in reading and spelling (RS), arithmetic (A), and reading, spelling, and arithmetic (RSA). Children in the RS and A groups were found to be relatively homogeneous and to have reliably different cognitive profiles. Thus, although the comorbidity between reading and mathematics disabilities is substantial ( DeFries 1995), mathematics performance may be an important dimension for diagnosing subtypes of learning disabilities (Fletcher, Morris & Francis 1991) . Siegel & Heaven (1986) attributed the poor math performance of readingdisabled (RD) children to the same symbol processing deficit that affects their reading skills. They noted that written arithmetic tests require skills likely to be deficient in RD children, including attention, short-term memory, and response to printed words and/or symbols. In contrast, Strang & Rourke (1985) suggested that the poor performance of learning-disabled (LD) children on measures of math achievement may simply be due to lack of experience. They hypothesized that LD children do not receive the same level, type, or amount of math instruction as other children because they are often referred to special classes for their reading/spelling problems.
An alternative approach to validating subtypes of reading disabilities is to assess for differential genetic etiologies (Pennington, Gilger, Olson & DeFries 1992). Results of previous research have established that reading disability is heritable at least to some extent (DeFries, Fulker & LaBuda 1987) . For example, by fitting a basic multiple regression model (DeFries & Fulker 1985) to data from a large sample of reading-disabled twin pairs, DeFries & Gillis (1993) found that approximately 50% of the proband reading deficits were due to genetic influences. More recently, Light & DeFries (1995) assessed the etiology of comorbid reading and mathematics deficits in the same sample using both cross-concordance rate comparisons and a bivariate extension of the multiple regression methodology. Resulting estimates of bivariate heritability and shared environmentality were 0.26 and 0.25, respectively, indicating that approximately one-fourth of the proband reading deficit is due to genetic factors influencing both reading and math performance, while another 25% of this deficit is due to environmental influences shared by members of twin pairs which also affect math performance. These findings suggest that both genetic and shared environmental influences contribute importantly to the observed covariance between reading and mathematics deficits.
Although both genetic and environmental influences have been found to cause reading deficits and their comorbidity with math deficits, the etiology of reading problems may differ in those subjects with or without math problems. The primary objective of the present study was to assess the differential etiology of reading deficits as a function of mathematics performance. Data from twin pairs participating in the Colorado Reading Project in which at least one member of the pair was classified as reading-disabled were subjected to concordance rate comparisons and to an extension of the basic multiple regression model for the analyses of selected twin data (DeFries & Fulker 1985) . The results of these analyses provide evidence for a possible differential heritability of reading problems as a function of performance in mathematics.
